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Abstract--Many traditional Tamil threshold esigns are made out of one closed, smooth fine. An 
investigation f Tamil patterns which do not conform to their cultural standard as they are composed 
of two, three or more superimposed closed paths, shows that these designs are "degraded" versions of 
originally more symmetrical patterns made out of single "never-ending" lines. The probably original 
versions are reconstructed and their mathematical potential isexplored. 
INTRODUCTION: TAMIL THRESHOLD DESIGNS 
During the harvest month of Margali (mid-December tomid-January), the Tamil women in South 
India used to draw designs in front of the thresholds of their houses every morning. Margali is 
the month in which all kinds of epidemics were supposed to occur. Their designs erve the purpose 
of appeasing the god Siva who presides over Margali. 
In order to prepare their drawings, the women sweep a small patch of about a yard square and 
sprinkle it with water or smear it with cow-dung. On the clean, damp surface they set out a 
rectangular reference frame of equidistant dots. Then the curve(s) forming the design is (are) made 
by holding rice-flour between the fingers and, by a slight movement of them, letting it fall out in 
a closed, smooth line, as the hand is moved in the desired irections. The curves are drawn in such 
a way that they surround the dots without ouching them. "The ideal design is composed of a single 
continuous line" [1, p. 123; present author's italics]. Figure 1 shows examples of threshold esigns 
which satisfy the Tamil ideal. These drawings display one [Fig. l(a)], two [Figs l(b, c)] or four 
[Fig. 1 (d)] bilateral symmetries. However, there exist other traditional threshold esigns which do 
not conform to the Tamil standard as they are composed of two, three or more superimposed closed 
paths. Figure 2(a) shows an example, made out of three separate closed lines [Figs 2(b-d)]. 
According to Layard, these designs "definitely represent a spirit of artistic development,..,  but are 
technologically degraded" [1, p. 149; present author's italics]. They are "imitations"; they only may 
give the impression of being composed of one "never-ending" curve. Does the degradation really 
lie in a failure to create more intricate, single closed line designs? 
In this paper an alternative hypothesis will be presented: most of the designs formed of a 
"plurality of never-ending lines", analysed by Layard, are degraded versions of originally single 
closed path figures. 
ANALYSIS AND RECONSTRUCTION OF A PAVITRAM-DESIGN 
Names given to designs formed of a single "never-ending" line are normally pavitram, meaning 
"ring" and Brahma-mudi or "Brahma's knot". "The object of the pavitram is to scare away giants, 
evil spirits, or devils" [1, p. 138]. Is it not strange that the design in Fig. 2(a), although composed 
of three superimposed closed paths, is nevertheless called pavitram? Is it possible to construct a
design rather similar to Fig. 2(a) but made out of only one line? 
On the one hand, the outer part of the design displays a rotational symmetry of 90 ° 
[see Fig. 3(a)], but, on the other hand, the inner part displays only a rotational symmetry of 180 ° 
[see Fig. 3(b)]. How may we remove this inconsistency between inner and outer parts? 
Vertically two "sinoidal" curve-segments pass around the centre [compare Fig. 2(a) with 
Fig. 4(a)]. If horizontally the same happens [see Fig. 4(b)], then it turns out to be possible to 
complete a design [Fig. 4(c)] that not only displays a rotational symmetry of 90 ° (looking from 
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Fig. 1. Tamil threshold esigns composed of one "never-ending" curve. Source: Ref. [1, p. 137]. 
the left or the right, from the bottom or the top, the figure remains always the same) but is also 
similar to the pavitram [Fig. 2(a)]. Moreover, the design [Fig. 4(c)] turns out to be composed of 
only one closed, smooth path! 
The two designs, the one reported by Layard [Fig. 2(a)] and the one reconstructed by the author 
[Fig. 4(c)], differ only in two details, as illustrated in Fig. 5. When in Fig. 4(c) the curve-segments 
come so close in P and Q, that they almost touch, they may create the false impression that P and 
Q constitute points of intersection, as in Fig. 5(a). 
The single closed line design of Fig. 4(c) is probably the original design. The reported plural 
closed line pattern [Fig. 2(a)] is a degradation of Fig. 4(c), a consequence of deficient ransmission 
from one generation to another, caused, for example, by unclear drawing or unprecise memo- 
rization. As "no attempt is made to preserve the patterns. They are trodden upon almost 
immediately after they have been made and are soon obliterated" [1, p. 123], transmission becomes 
easily deficient. 
A SECOND EXAMPLE 
The unnamed threshold design, showed in Fig. 6(a), composed of five closed curves [Figs 6(b-M)], 
displays a rotational symmetry of 90 °. One may suppose that the original of this pattern was formed 
of a single closed line and displayed tbe same rotational symmetry. By eliminating on each side 
one "false" junction, like in the previous example (junctions P and Q), four designs turn out to 
be the possible original pattern (sec Fig. 7). 
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Fig. 2. Reported pavitram-design composed of three superimposed closed paths. Part (a), source: Ref. 
[1, p. 132]. 
° 
(a) (b) 
Fig. 3. The outer and inner parts of the reported pavitram-design. 
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Fig. 4. Reconstructed pavitram-design. 
Q 
(a) 
Fig. 5. Distinction. 
(b) 
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Fig. 6. Unnamed threshold design composed of five 
closed curves. Source: Ref. [1, p. 141]. 
Fig. 7. Four possible original patterns. 
TRANSFORMATION RULES 
Before advancing with the reconstruction of other traditional Tamil threshold esigns, it seems 
appropriate to analyse what happens with the number of closed lines when one introduces or 
eliminates a junction, passing from one pattern to another. As a junction may be introduced by 
joining two distinct curves or by joining two parts of the same line, two situations have to be 
distinguished. In the first case, the number of lines decreases by one. In the other case, this number 
increases by one. As a junction may be formed of two crossing parts of the same curve or of two 
distinct intersecting curves, two more (inverse) situations arise, when one also considers the 
elimination of junctions. Now the number of lines increases by one in the first case, but decreases 
in the latter case. Table 1 summarizes the transformation rules. 
In the example of the reconstruction of a pavitram-design, we applied rule 4 twice. The same 
rule was used four times in the second example, decreasing the total number of lines from five to 
one. 
RECONSTRUCTION OF THE "ROSEWATER SPRINKLER"  AND 
"SWINGING BOARD"  DESIGNS 
We give now two applications of transformation rule 1. The "rosewater sprinkler" design [see 
Fig. 8(a)] is composed of four closed curves [Figs 8(b-e)]. By introducing junctions in P, Q and 
R on the vertical axis, one obtains a very similar design (Fig. 9), composed of only one closed path. 
Table 1 
No. of 
Rule Nature of Situation before Situation after lines after 
No. transformation transformation transformation transformation 
1 Introduction ) (  
of a junction X - I 
2 Introduction ) (  
of a junction X + 1 
3 Elimination ) (  
of a junction Z + 1 
4 Elimination ) (  
of a junction X - 1 
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The "swinging board" threshold esign illustrated in Fig. 10, is formed of three superimposed 
"never-ending" lines. When one now creates junctions in S and T on the horizontal symmetry axis, 
the probably original pattern made out of a single closed curve, appears (see Fig. 11). 
THE PAVITRAM-DESIGN REVISITED 
We transformed the unnamed threshold design, shown in Fig. 6(a), into a single closed line 
pattern, eliminating four junctions by application of rule 4. The "inverse" process is also realizable: 
four new junctions may be introduced with rule 1. As Figs 13 and 14 illustrate, there are two 
possibilities of doing this in such a way that the final design displays the same rotational symmetry 
of 90 ° as Fig. 6(a) and is formed of only one "never-ending" line. The closed path in Fig. 14(b) 
constitutes another possible original for this unnamed threshold esign [Fig. 6(a)], as both patterns 
( 
(a) 
Fig. 8--continued opposite 
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Fig. 8. Reported "rosewater sprinkler" design, composed offour closed curves. Parts (a, b), source: Ref. 
[1, p. 147]. 
are still rather similar. Surprisingly Fig. 13(b) is identical with our reconstruction [Fig. 4(c)] of the 
pavitram-design [Fig. 2(a)], but without the border ornamentation. In this form, the pattern can 
be easily extended, as will be shown after a brief reference to the notion of extension inherent o 
the Tamil design tradition. 
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Fig. 9. Reconstructed "rosewater sprinkler" design. 
EXTENSIONS IN THRESHOLD DESIGNS 
The Tamil threshold esigns hown in Fig. 15, made out of single closed curves, are rather similar 
in structure. Both may be considered as "rectangular" patterns (see Fig. 16) with "circular" 
ornamentation at those border dots that are not vertices of the rectangle. In this sense, Fig. 15(b) 
may be called a possible extension or generalization of Fig. 15(a). Figure 17 constitutes the next 
step. 
Figure 18(a) is another possible xtension of the Tamil design shown in Fig. 15(a). In turn, this 
pattern has been used as an element in the building up of the "cradle" threshold esign, seen in 
Fig. 18(b). The elaborate "swinging board" pattern we analysed before (Figs lO-12) may be 
considered as a juxtaposition and partial superimposition--and therefore as an extension--of the 
single closed line elements hown in Fig. 19. 
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Fig. 10. Reported "swinging board" design. Source: Ref. [l, p. 145]. 
Fig. 11. Reconstructed "swinging board" design. First possibility. 
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Fig. 12. Reconstructed "swinging board" design. Second possibility. 
(a) (b) 
Fig. 13. Transformation by introduction of junctions in 
P,Q, RandS.  
(a) (b) 
Fig. 14. Transformation by introduction of junctions in 
U, V, W and Z. 
Fig. 
(a) (b) 
15. Two related threshold designs. Source: Ref. 
[1, p. 1371. 
(a), (b) 
Fig. 16. "Rectangular" patterns. 
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Fig. 17. Next step in the extension. 
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(a) 
(b) 
Fig. 18. Building up of the "cradle" threshold esign. 
Part (b), source: Ref. [1, p. 140]. 
Fig. 19. Single closed line elements. 
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Fig. 20. Reported Brahma's knot. Source: Ref. 
[1, p. 143]. 
q 
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Fig. 21. Reconstructed Brahma's knot. 
The original of the Brahma's knot shown in Fig. 20, formed of four closed smooth curves, may 
be easily reconstructed. As illustrated in Fig. 21, it is sufficient to elongate the curve-segments near 
its centre. Our hypothesis becomes till more credible if we compare this reconstructed Brahma's 
knot with the traditional Tamil threshold design shown in Fig. 22. Both "obey" the same 
geometrical gorithm. Figure 23(b) shows a further extension of these two patterns, this time with 
eight points on each square side. These dosed curves are built up out of four "branches" in such 
a way that two consecutive branches are symmetrical in relation to the horizontal or vertical axis. 
EXTENSIONS OF  THE RECONSTRUCTED PAVITRAM-DESIGN 
The pattern of the reduced, reconstructed pavitram [Fig. 13(b)] may be easily extended, as 
illustrated in Fig. 24 for the cases p = 9 and p = 17, where p denotes the number of dots on the 
side of the square reference frame. The drawing of the first quarter of the design in the case p = 13, 
as illustrated in Fig. 25, shows very clearly that a relatively simple geometrical lgorithm lies at the 
basis of a, at first sight, rather intricate design. After completing each quarter, one turns around 
the corner and repeats the drawing. This explains the rotational symmetry of 90 ° that the final 
designs [Figs 13(b) and 24(a,b)] display. Not only extended square patterns are possible. Figure 
26 shows the non-square xtension 17 x 9, where 17 denotes the number of dots in the first row 
and 9 the number of dots in the first column. Generally, the design may be extended to all 
rectangular reference frames (4m + 1)x (4n + 1), where m and n represent arbitrary natural 
( 
Fig. 22. Another traditional Tamil design. 
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(a) 
(b) 
Fig. 23. (a) Illustration of the geometrical algorithm. 
(b) Further extension. 
numbers. All extended versions may be considered as built up out of partially overlapping "cells". 
The cells are the reconstructed pavitrarn-design without border decoration [Fig. 13(b)]. Partially 
overlapping in the sense that two neighbouring cells have a common border ow (or column) of 
dots. Figure 27 shows the 9 x 9 extension of the reconstructed pavitram-design, complete with 
border ornamentation. 
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Fig. 24. (a) 9 × 9 extension. (b) 17 x 17 extension. 
EXAMINAT ION OF A BRAHMA'S KNOT 
"Brahma's knot" is generally a name only given to certain designs formed of a single 
"never-ending" line. The Brahma's knot shown in Fig. 28, however, is made out of five 
superimposed closed curves (see Fig. 29). As, moreover, two of these five pass through the dots 
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Fig. 25. Geometrical algorithm illustrated in the case 13 x 13. 
P and Q instead of surrounding them, it becomes highly probable that we do not deal here with 
the original pattern. The clue to the rediscovery of the original Tamil design seems to lie in the 
peripheral closed curve [Fig. 29(a)]. Is it possible to modify this curve in such a way that it also 
will "fill up" the interior of the point square grid? 
On each "side" of the peripheral line, the same "loop" (see Fig. 30) repeats itself three times. 
What will happen if there are only one or two such loops on each "side"? In the first case 
(Fig. 31), the single "never-ending" curve "fills up" the reference square. Although this does not 
happen in the second case [Fig. 32(a)], the square grid may be "filled up" [Fig. 32(b)] by introducing 
four times an element rather similar to the loop and that we have met already in Figs 6(c, d). Now, 
if one applies transformation rule 1 in S, T, U and V, one obtains the design with the horizontal 
and vertical symmetry axes shown in Fig. 32(d), composed of only one smooth closed path. The 
CAMWA 17t4-~-V 
Fig. 26. 17 x 9 extension. 
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Fig. 27. Extension of the reconstructed pavitram-design. 
Fig. 28. Reported Brahma's knot. Source: Ref. [1, p. 144]. 
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• P .Q 
(b) 
) 
(a) 
Fig. 29. (a) Peripheral fine. (b) The same curve twice. The first passes through P, the second through Q. 
(c) The same curve twice, at the top and at the bottom of the design. 
Fig. 30. A loop. Fig. 31. One loop on each "side". 
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(a) 
Fig. 32--continued opposite 
O m 
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Fig. 32. "Filling up" the reference square grid in the case of two loops on each "side". 
809 
branches [Fig. 32(e)] that were introduced by these junctions, are not strange to the Tamil tradition 
as we met them before in the "rosewater sprinkler" design (Fig. 8) and they also appear in the 
reconstructed and extended pavitram-pattern (see, in particular, Fig. 25). Using the same 
geometrical algorithm in the case of three loops on each side, one gets the double symmetrical 
pattern of Fig. 33, which is probably the original Brahma's knot. 
| " ,  , -  , • j \ ' / ,  . f f  • , 
Fig. 33. Reconstructed Brahma's knot. 
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Fig. 34. New peripheral line that displays a rotational symmetry of 90 °. 
SOURCE OF INSP IRAT ION 
The peripheral closed curve of Fig. 29(a) has vertical and horizontal symmetry axes. It is possible 
to change the orientation of the loops on two opposite sides in such a way that a new peripheral 
line appears (Fig. 34). This one displays a rotational symmetry of 90 °. Figure 35 shows what 
happens in the case of one loop on each side. Figures 36 and 37 illustrate the extensions that may 
) 
Fig. 35. One loop on each "side". Fig. 36. First extension. 
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Fig. 37. Second extension. 
be obtained when one "fills up" the interior in the cases of two and three loops on each side. All 
these curves are smooth, single "never-ending" lines. 
Let us return to Fig. 14(b), and denote this design by A. By a reflection of this pattern around 
its vertical symmetry axis, one obtains the design shown in Fig. 38(b) (representation -A ) .  If one 
now joins two A and two -A  elements according to the scheme 
-A  A 
A -A '  
in such a way that two neighbouring "cells" have a common border row (or column) of dots, one 
discovers the interesting single closed path design shown in Fig. 39 with horizontal and vertical 
axes of symmetry. If one "isolates" its 5 × 5 centre, one gets another single "never-ending" line 
pattern [Fig. 40(a)]. Let B denote this design. By a reflection of B around one of its diagonals, one 
obtains Fig. 40(b) (representation BT). By constructing analogously a design according to the 
(a) (b) 
Fig. 38. (a) A. (b) -A. 
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Fig. 39. Single closed curve constructed according tothe 
scheme 
-A  A 
A -A '  
scheme 
B x B 
B B T' 
one discovers the single line pattern in Fig. 41. Isolation of its 5 x 5 centre leads us once again 
back to pattern A. 
Many other variations are possible. 
CONCLUDING REMARKS 
Most of the threshold esigns on which Layard's study was based, were published in Madras 
in 1923. At that time the Tamil tradition to draw patterns in front of the thresholds of their houses 
during the Margali month was in decline. The designs we analysed, formed of a plurality of 
"never-ending" curves, are "degraded" versions of originally single closed line patterns. These 
(a) (b) 
Fig. 40. (a). B. (b) B T. 
( 
( 
( 
( 
Fig. 41. Single dosed curve constructed according tothe 
scheme 
B T B 
B B T" 
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patterns did not "fall from heaven"; they were not "occasionally" discovered. On the contrary. 
Systematic analysis led to their invention. Transformation rules as well as geometrical lgorithms 
had been discovered. Notions of bilateral and rotational symmetry became well-anchored. Their 
inventors developed (or disposed of) clear ideas of extension and generalization. They constructed 
designs that had to satisfy certain chosen criteria like "singleness", continuity, smoothness and 
symmetry. 
Our analysis reveals the high mathemat ica l  potential  [2-4] of the tradition that led to the Tamil 
threshold designs. Further research on its origin and possible influence on the (maybe early or 
ancient) mathematical (and artistic) development in India (or elsewhere) seems necessary. Also the 
social, educational nd technical factors that contributed to the aforementioned " egradation", i.e. 
to the development of designs which do not conform to the cultural standard of single closed line 
patterns, deserve further study. In some cases [e.g. Fig. 6(a)] the "degradation" may have facilitated 
the memorization. 
The use of the Tamil threshold esigns in the mathematics lassroom may be suggested (cf. our 
study on the possible uses of traditional Angolan sand drawings in the mathematics lassroom [5]). 
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